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(57) Disclosed is a hub ring 2 for a filter wherein a 
supporting member 10 having a plurality of 
supporting portions 10a is interposed between 
a pair of keep plates 9a and 9b, a supporting 
plate for a filter wherein a plurality of wave 
portions extending substantially in the circum- 
ferential direction are arranged in the radial 
direction, and methods for manufacturing these 
members. The hub ring has a great opening 
ratio to achieve a low pressure loss property 
and causes substantially no residence of 
polymer, and the hub ring can be manufactured 
at a low cost. The supporting plate has high 
pressure resistance, low-pressure loss property, 
good directivity of polymer flow and excellent 
polymer mixing effect, and it is suitable for use 
as a retainer disposed inside of a filter. 



FIG. I 
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The present invention relates to a hub ring and a 
supporting plate for a filter and methods for manufac- 
turing these members. 

Disc-type filters are known as filters for filtering 
a polymer, and for example, a so-cailed leaf disc-type 
filter and a three-layer type filter wherein disc-type 
filter materials are disposed on and under a retainer 
for forming a single filter element are well known. 
Such filters are usually used by stacking a plurality of 
filter elements by a number corresponding to a ca- 
pacity of filtration to be required (flow rate of a molten 
polymer to be filtered). In the case of use of stacked 
filters, because it is necessary to seal a polymer after 
filtration from a polymer before filtration, a hub ring 
is provided on the inner circumference of each filter 
(as neeaed, it may be provided on the outer circum- 
ference of each filter). Such a hub ring seals polymers 
after and before filtration from each other and en- 
sures a path for the polymer after filtration, as descri- 
bed above, as well as it maintains a positional rela- 
tionship between respective stacked filters (for exam- 
ple, interval of filters). 

As a typical structure of conventional filters, for 
example, a structure shown in FIG. 22 is known. FIG. 
22 illustrates a part of an inner circumferential portion 
of a leaf disc-type filter 101. A filter medium 104 is 
provided on each side of a retainer 102 constructed 
from, for example, a mesh, via a filter medium sup- 
porting material 103 constructed from a perforated 
plate (for example, a punching metal). A hub ring 105 
is provided on the circumference of filter 101, and a 
plurality of small holes 106 are provided in the hub 
ring 105. A molten polymer 107 flows into filter media 
1 04 from upper and lower sides, and the polymer 1 07 
filtered by the filter media 104 passes through a por- 
tion of retainer 102 and holes 106 of hub ring 105 to 
be gathered a central portion, as shown by the arrows 
in FIG. 22. 

In a case where a plurality of filters 101 are 
stacked, a predetermined number of filters 101 are 
fitted and stacked around a tubular supporting pole 
1 08, and the gap between filter media 1 04 of adjacent 
filters 101 is set based on the dimension of the por- 
tion of hub ring 105. Respective hub rings 105 of 
stacked filters 101 are pressed from upper or lower 
side by a great fastening pressure capable of sealing 
polymers after and before filtration from each other, 
for example, a pressure of 5-10 tons. 

In such a conventional structure, there remain 
the following problems. 

Firstly, although a number of small holes 106 are 
opened in hab ring 105 for passing a polymer after fil- 
tration, the opening ratio thereof is about 20% at high- 
est, and the small opening ratio causes a large pres- 
sure loss generated at this portion. Although it may be 
considered to enlarge the diameter of the holes in or- 
der to increase the opening ratio, the enlargement of 
the hole diameter is restricted to some extent by the 



above-described great fastening pressure. 

Moreover, in the above structure defining small 
holes, in the upstream side of the polymer flow, the 
portions around the small holes 106 are likely to cre- 
5 ate a large dead space against the polymer flow. 
Such a dead space causes residence of polymer, and 
the residence of polymer causes degradation of the 
polymer and flowing-out of the degraded polymer, 
and therefore it is desired to suppress such a dead 
10 space as small as possible. 

Furthermore, since the small holes 106 must be 
processed in the radial direction of hab nng 105. the 
processing is relatively difficult and a long time is re- 
quired for the processing. Therefore, the cost for man- 

15 ufacturing the hab ring 105 is relatively expensive. 

Still further, for the retainer 102. a relatively high 
strength particularly against deformation of the re- 
tainer in the thickness direction thereof, for example, 
a pressure resistance of about or higher than 200 

20 kg/cm 2 , is usually required in order to maintain the 
form of the filter to an acceptable form and in order to 
ensure the polymer path tn the radial direction of the 
filter at the position of the retainer. Even by the mesh 
type retainer 1 02. such a high strength for a high pres- 

25 sure resistance can be satisfied. In the mesh type re- 
tainer 102, however, particularly there are the follow- 
ing problems with respect to pressure loss and poly- 
mer residence. 

Namely, in the mesh type retainer 102, because 

30 wires extending in the circumferential direction of the 
filter while waving (usually, the wire has a diameter 
corresponding to 1/2 of the thickness of the retainer 
102 or a diameter slightly greater than that value) 
cause a large resistance against the polymer flow in 

35 the radial direction of the filter, it is difficult to sup- 
press the pressure loss at the portion of the retainer 
102, ultimately the pressure loss of the whole of the 
filter 101, to a small value. 

Further, in the portion of the retainer 102, the 

40 polymer flows toward radially inner direction mainly 
along the wires extending in the radial direction of the 
filter. These wires extending in the radial direction of 
the filter form a dead volume against a polymer path 
rather than forming a polymer path, and therefore, the 

45 polymer flow has a poor directivity in the radial direc- 
tion of the filter and it may be difficult to achieve a 
smooth polymer flow. The difficulty of a smooth poly- 
mer flow causes a poor chance of polymer mixing. 
Therefore, there is a latent problem that the polymer 

so mixing effect (also called "static mixer effect") is 
small. Furthermore, there is a fear causing a problem 
of polymer residence. Also with the wires extending in 
the circumferential direction of the filter, there are 
similar problems because they form a dead volume 

55 against the polymer flow. 

It would be desirable to provide a hab ring for a 
filter which can achieve a great opening ratio of a 
polymer path and an extremely low pressure loss, 
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which hardly causes residence of polymer and which 
can be manufactured easily and inexpensively, and a 
method for manufacturing the same. 

Further, it would be desirable to provide a sup- 
porting plate for a filter which has a high pressure re- 5 
sistance and can be easily formed as a shape causing 
a low pressure loss, which can easily provide a de- 
sired directivity to a polymer flow without causing res- 
idence of the polymer flow as well as can realize an 
excellent polymer mixing effect, and which is suitable w 
for use as a retainer provided inside of a filter ele- 
ment, and a method for manufacturing the same. 

Still further it would be desirable to realize a fur- 
ther low-pressure loss, high-pressure resistance and 
high-quality filter by combining the above-described 15 
hub ring and supporting plate. 

A hub ring according to the present invention is 
provided on at least one of inner and outer circumfer- 
ences of a disc-type filter. The hub ring comprises: (a) 
a pair of keep plates disposed spacedly from each 20 
other and in parallel to each other, each of the pair of 
keep plates being formed as an annular plate; and (b) 
an annular supporting member disposed between the 
pair of keep plates. The supporting member has (i) a 
plurality of supporting portions disposed spacedly 2$ 
from each other in a circumferential direction of the 
hub ring, each of the plurality of supporting portions 
extending between the pair of keep plates in a direc- 
tion substantially perpendicular to the pair of keep 
plates and extending in a radial direction of the hab 30 
ring and (ii) an annular plate portion connected to the 
plurality of supporting portions. 

The annular plate portion of the annular support- 
ing member may be connected to one of the inner and 
outer sides of the plurality of supporting portions in a 35 
radial direction of the hab ring for maintaining a de- 
sired arrangement of the plurality of supporting por- 
tions. 

A method for manufacturing a hub ring according 
to the present invention is herein provided. The hub 40 
ring is provided on at least one of inner and outer cir- 
cumferences of a disc-type filter. The method com- 
prises the steps of: 

(a) defining a plurality of slits on an annular plate 

at a position of one of inner and outer circumfer- 45 
ential sides of the annular plate, the plurality of 
slits being arranged over the entire length of one 
of inner and outer circumferential sides of the an- 
nular plate, each of the plurality of slits extending 
in a radial direction of the annular plate; so 

(b) twisting portions positioned between respec- 
tive adjacent slits substantially at an angle of 90 
degrees relative to the annular plate for making 
an annular supporting member; and 

(c) disposing a pair of keep plates on and under 55 
the twisted portions of the annular supporting 
member, each of the pair of keep plates being 
formed as an annular plate. 



Further, a method for manufacturing a hub nng 
for a filter according to the present invention compns- 
es the steps of: 

(a) defining a plurality of slits on a plate extending 
straightly at a position of one side of the plate, the 
plurality of slits being arranged substantially over 
the entire length of the plate, each of the plurality 
of slits extending in a width direction of the plate; 

(b) twisting portions positioned between respec- 
tive adjacent slits and end portions positioned 
outside of both end slits substantially at an angle 
of 90 degrees relative to the plate; 

(c) forming an annular supporting member by 
rounding the plate so as to arrange the twisted 
portions along one of inner and outer circumfer- 
ences of the annular supporting member; and 

(d) disposing a pair of keep plates on and under 
the twisted portions of the annular supporting 
member, each of the pair of keep plates being 
formed as an annular plate. 

Thus, the plurality of supporting portions are 
easily formed by twisting portions positioned be- 
tween respective adjacent slits at an angle of 90 de- 
grees, in order to easily perform this twisting and in 
order to provide a great pressure resistance to the 
formed supporting portions at a position between a 
pair of keep plates, the material of the annular sup- 
porting member is desired to be constructed from a 
stainless steel. 

In such a hub ring for a filter, since a number of 
supporting portions extending substantially perpendi- 
cularly to a pair of keep plates are interposed be- 
tween the pair of keep plates, spaces defined be- 
tween respective adjacent supporting portions are 
formed as polymer paths for a polymer after filtration 
which extend in the radial direction of the filter. Fur- 
ther, in the area between a pair of keep plates, all the 
portions other than the supporting portions function 
as polymer path. Therefore, the opening ratio of the 
polymer path can be greatly increased as compared 
with the conventional structure provided with small 
holes and having a large dead space, and thereby 
greatly decreasing the pressure loss. 

Further, the supporting portions extend substan- 
tially perpendicularly to a pair of keep plates and func- 
tion as shorings against a compression load applied 
to the pair of keep plates. Therefore, they can indicate 
an extremely great pressure resistance as compared 
with a conventional member having waving wires, as 
long as buckling does not occur in the supporting por- 
tions. Because the dimension between the pair of 
keep plates is usually small and preferably it is about 
5 mm at largest, buckling does not occur in the sup- 
porting portions. As a result, even if a great compres- 
sion load is applied to the pair of keep plates, that is, 
even if a fastening force is applied to respective hub 
rings in a filter stacking structure, each hub ring is not 
deformed and the above-described polymer path 
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having a great opening ratio can be maintained in a 
desired condition with no trouble. 

The annular plate portion is positioned at inner 
circumferential side or outer circumferential side of 
the annularly arranged supporting portions. In this 
portion of the annular plate portion, the whole of the 
space between a pair of keep plates functions as a 
polymer path. Therefore, also in this portion, a great 
opening ratio of a polymer path is ensured, and the 
pressure loss can be suppressed small. 

Thus, the pressure loss can be suppressed ex- 
tremely small as the whole of the hub ring by the large 
opening ratio, and there is no portion causing resi- 
dence of polymer in the polymer path in the hub ring 
and the whole of the polymer after filtration can pass 
smoothly through the hab ring. 

Further, in the hub ring according to the present 
invention, a pair of keep plates each formed as an an- 
nular plate and the annular supporting member hav- 
ing supporting portions and an annular plate portion 
can be separately manufactured. The pair of keep 
plates can be easily made, and even the-supporting 
member, as aforementioned, can be easily made by 
defining a plurality of slits extending in the radial di- 
rection on an annular plate at a position of one of inner 
and outer circumferential sides of the annular plate 
and twisting portions between respective adjacent 
slits at an angle of 90 degrees. Further, the keep 
plates and the supporting member can be integrally 
formed, for example, by welding these members, 
thereby making a hub ring excellent in handling. Thus, 
not only respective members constituting a hub ring 
but also the hub ring itself can be manufactured ex- 
tremely easily, and a large number of hub rings can 
be manufactured in a short period of time as well as 
the cost for manufacture can be greatly reduced as 
compared with that for the conventional hub rings. 

A supporting plate for a filter according to the 
present invention is provided inside of a disc-type fil- 
ter having filter media at surface portions thereof. The 
supporting plate comprises a plurality of wave por- 
tions each extending substantially in a circumferential 
direction of the filter and waving in a thickness direc- 
tion of the filter. The plurality of wave portions are 
formed by pressing so as to be arranged substantially 
adjacent to each other in a radial direction of the filter. 

In the supporting plate, a portion present be- 
tween two wave portions adjacent to each other in the 
direction of said filter may remain as a portion which 
does not wave. 

The form of each wave portion is not particularly 
restricted. For example, wave forms of two wave por- 
tions adjacent to each other among the plurality of 
wave portions may shift substantially by a 1/2 pitch of 
one of the wave forms in a circumferential direction of 
the filter, and may shift by 1/3 or 1/4 pitch. 

The wave forms of the plurality of wave portions 
may have substantially a constant pitch over the en- 
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tire area in which the plurality of wave portions are 
formed. Alternatively, a pitch of a wave portion 
formed at a radially outer position and a pitch of a 
wave portion formed at a radially inner position may 
5 be different from each other. For example, a pitch in 
a radially inner portion may be smaller than a pitch in 
a radially outer portion or the pitch may be set so as 
to become gradually small toward the radially inner di- 
rection, or on the contrary, the pitch may be set so as 
10 to become gradually large toward the radially inner di- 
rection. The pitch of the wave forms is not particularly 
restricted, and it may be appropriately designed in ac- 
cordance with, for example, a width of a single wave 
portion, easiness of pressing for forming the wave 
15 portions, or thickness and material of a annular plate 
prepared as a raw material plate for manufacturing a 
supporting plate to be pressed to wave portions. 

For example, in a case where the raw material 
plate is a stainless steel having a thickness of 0.3 to 
20 1 .2 mm, the width of a single wave portion is prefer- 
ably in the range of 0.5 to 4. 0 mm, more preferably 
in the range of 1 .0 to 3.0 mm, and the pitch of the wave 
form is preferably in the range of 2.0 to 8.0 mm, more 
preferably in the range of 3.0 to 6.0 mm. 
25 The pattern for the wave portions can be freely 

designed, but preferably the above-described condi- 
tions are satisfied. Wave portions may have sinusoi- 
dal undulations. 

For example, the following structure can be em- 
30 ployed. A first group of wave portions straightly ex- 
tend substantially in the circumferential direction of 
the filter at a constant angle relative to a radial direc- 
tion of the filter within a first region of the supporting 
plate circumferentially divided at a predetermined cir- 
35 cumferential angle, and a second group of wave por- 
tions straightly extend substantially in the circumfer- 
ential direction of the filter at the same angle as the 
constant angle relative to a radial direction of the filter 
within a second region of the supporting plate crrcunv 
40 ferentially divided at a predetermined circumferential 
angle which is adjacent to the first region in the cir- 
cumferential direction of the filter. 

Alternatively, the following structure can be em- 
ployed. A first group of wave portions straightly ex- 
45 tend substantially in the circumferential direction of 
the filter at a constant angle relative to a radial direc- 
tion of the filter within a first region of the supporting 
plate circumferentially divided at a predetermined cir- 
cumferential angle, and a second group of wave por- 
50 tions straightly extend substantially in the circumfer- 
ential direction of the filter at an angle different from 
the constant angle relative to a radial direction of the 
filter within a second region of the supporting plate 
circumferentially divided at a predetermined circunv 
55 ferential angle which is adjacent to the first region in 
the circumferential direction of the filter. 

Further, a structure, wherein the plurality of wave 
portions extend concentrically in the circumferential 

4 
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direction of the filter, can also be employed. 

Furthermore, although it is preferred that the sup- 
porting plate is constructed as an integrally formed 
single annular member, it may be constructed from a 
plurality of members divided in the circumferential di- 5 
rectton of the filter. 

Although the material of the supporting plate is 
not particularly restricted, it is preferably made from 
a metal capable of being pressed, particularly a stain- 
less steel is preferred. By pressing a raw material of w 
a stainless steel, a work hardening can occur on the 
formed wave portions, thereby further increasing the 
pressure resistance thereof. Moreover, a stainless 
steel is preferred from the viewpoint of rustproof ing. 
Although the wave portions can have a sufficiently 15 
high strength only by press forming even if there is a 
slight residual stress, it may be subjected to anneal- 
ing at a low temperature after press forming in order 
to ensure a further high pressure resistance as need- 
ed. In the case of stainless steel, the low temperature 20 
annealing is performed preferably at a temperature of 
41 0 to 440 °C. Further, a precipitation hardening type 
stainless steel may be employed in order to increase 
the strength. 

Another supporting plate for a filter according to 25 
the present invention comprises a base plate portion 
formed as an annular plate; and a plurality of riser 
piece portions disposed in radial and circumferential 
directions of the base-plate portion. Each of the plur- 
ality of riser piece portions extends in a radial direc- 30 
tion of the base plate portion and rises from upper and 
lower surfaces of the base plate portion in a direction 
perpendicular to the base plate portion by being twist- 
ed substantially at an angle of 90 degrees relative to 
the base plate portion. 35 

In this supporting plate, in a case where the plur- 
ality of riser piece portions are disposed concentrical- 
ly on the base plate portion and a ring portion of the 
base plate portion is formed at a position between ra- 
dially adjacent rows of riser piece portions, the ring 40 
portion is preferably waved in a thickness direction of 
the base plate portion. In this case, it is preferred that 
the heights of the riser piece portions from the upper 
and lower surfaces of the base plate portion are sub- 
stantially the same as the heights of a wave form of 45 
the ring portion from the upper and lower surfaces of 
the base plate portion. Further, this type of supporting 
plate is preferably constructed from a stainless steel. 

The above-described supporting plates for a filter 
according to the present invention are disposed in- 50 
side of a disc-type filter having filter media at both 
surfaces portions thereof, and can be used as a re- 
tainer which is a substitute for the retainer shown in 
FIG. 22 or as a filter media supporting and retainer 
material. 55 

For example, in a case where a filter comprises- 
f ilter media at surface portions, filter media support- 
ing material positioned inside of the filter media and 



a retainer at an innermost position, the retainer may 
be constructed by the supporting plate according to 
the present invention. Alternatively, in a case where 
a filter comprises filter media at surface portions and 
a filter media supporting and retainer material dis- 
posed inside of the filter, this filter media supporting 
and retainer material may be constructed by the sup- 
porting plate according to the present invention. 

Further, the supporting plate according to the 
present invention can be applied together with the 
aforementioned specified hub ring for a filter which 
can realize a large opening ratio of a polymer path and 
a extremely low pressure loss, in which residence of 
polymer hardly occurs and which can be manufac- 
tured easily and inexpensively. By this combination, 
a filter having properties of further low pressure loss, 
high pressure resistance and high performance can 
be realized. 

Namely, in an assembly of a supporting plate and 
a hub ring for a filter according to the present inven- 
tion, a supporting plate is provided inside of a disc- 
type filter having filter media at surface portions 
thereof and a hub ring is provided on at least one of 
inner and outer circumferences of the disc-type filter. 
The assembly is characterized in that the supporting 
plate comprises a plurality of wave portions each ex- 
tending substantially in a circumferential direction of 
the filter and undulating in a thickness direction of the 
filter, the plurality of wave portions being formed by 
pressing so as to be arranged substantially adjacent 
to each other in a radial direction of the filter, and the 
hub ring comprises: 

(a) a pair of keep plates disposed spacedly from 
each other and in parallel to each other, each of 
the pair of keep plates being formed as an annu- 
lar plate; and 

(b) an annular supporting member disposed be- 
tween the pair of keep plates, the supporting 
member having (i) a plurality of supporting por- 
tions disposed spacedly from each other in a cir- 
cumferential direction of the hub ring, each of the 
plurality of supporting portions extending be- 
tween the pair of keep plates in a direction sub- 
stantially perpendicular to the pair of keep plates 
and extending in a radial direction of the hub ring 
and (ii) an annular plate portion connected to the 
plurality of supporting portions. 

Another assembly of a supporting plate and a hub 
ring for a filter according to the present invention is 
characterized in that the supporting plate comprises: 
a base plate portion formed as an annular 
plate: and 

a plurality of riser piece portions disposed in 
radial and circumferential directions of the base plate 
portion, each of the plurality of riser piece portions ex- 
tending in a radial direction of the base plate portion 
and rising from upper and lower surfaces of the base 
plate portion in a direction perpendicular to the base 
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plate portion by being twisted substantially at an an- 
gle of 90 degrees relative to the base plate portion, 
and the hub ring comprises: 

(a) a pair of keep plates disposed spacedly from 
each other and in parallel to each other, each of 
the pair of keep plates being formed as an annu- 
lar plate; and 

(b) an annular supporting member disposed be- 
tween the pair of keep plates, the supporting 
member having (i) a plurality of supporting por- 
tions disposed spacedly from each other in a cir- 
cumferential direction of the hub ring, each of the 
plurality of supporting portions extending be- 
tween the pair of keep plates in a direction sub- 
stantially perpendicular to the pair of keep plates 
and extending in a radial direction of the hub ring 
and (ii) an annular plate portion connected to the 
plurality of supporting portions. 

In both the assemblies, the annular supporting 
member can be formed integrally with the supporting 
plate. However, the supporting plate and the hub ring 
may be formed separately, and both members may be 
applied together. 

A method for manufacturing a supporting plate 
provided inside of a disc-type filter having filter media 
at surface portions thereof, according to the present 
invention, comprises the steps of preparing an annu- 
lar plate; and forming a plurality of wave portions on 
the annular plate by pressing, each of the plurality of 
wave portions extending substantially in a circumfer- 
ential direction of the annular plate and waving in a 
thickness direction of the annular plate, the plurality 
of wave portions being arranged substantially adja- 
cent to each other in a radial direction of the annular 
plate. 

In this method, it can be performed that a first 
group of wave portions is formed by pressing on a first 
region of the annular plate circumferentially divided at 
a predetermined circumferential angle, succeedingly 
a second group of wave portions is formed by press- 
ing on a second region of the annular plate adjacent 
to the first region in the same pattern as that in the 
first region, and by repeating these operations of 
pressing, a plurality of wave portions are formed sub- 
stantially over the entire circumference of the annular 
plate. Alternatively, it can be performed that the plur- 
ality of wave portions are formed by pressing, using 
a plurality of annular dies having diameters different 
from each other. Further, although the above- 
described wave portions can be formed only by press- 
ing, a method may be employed wherein a plurality of 
slits are defined intermittently in the circumferential 
and radial directions of the annular plate, and portions 
between respective pairs of slits are formed as the 
wave portions by pressing. 

Another method for manufacturing a supporting 
plate provided inside of a disc-type filter having filter 
media at surface portions thereof, according to the 



present invention, comprises the steps of defining a 
plurality of slits-or slots on an annular plate, each of 
the plurality of slits or slots extending in a radial di- 
rection of the annular plate, the plurality of slits or 
5 slots being disposed in the circumferential direction of 
the annular plate as well as disposed in the radial di- 
rection of the annular plate in forms of a plurality of 
annular rows; and forming a plurality of riser piece 
portions rising from upper and lower surfaces of a 

w base plate portion of the annular plate in a direction 
perpendicular to the base plate portion by twisting re- 
spective portions present between respective pairs of 
the slits or slots substantially at an angle of 90 de- 
grees relative to the base plate portion. 

15 In this method, it is preferred that each of the slots 

is formed as a slot having circular holes at both end 
portions in its longitudinal direction and the circular 
holes have a diameter greater than a width of a cen- 
tral portion of the slot. 

20 In the above-described supporting plate wherein 

a plurality of wave portions each extending substan- 
tially in a circumferential direction of the filter and 
waving in a thickness direction of the filter and the 
plurality of wave portions are formed by pressing so 

25 as to be arranged substantially adjacent to each other 
in a radial direction of the filter, because the wave por- 
tions are formed by pressing, adjacent wave portions 
are connected to each other via an original raw mate- 
rial (an annular plate) at any portion. Therefore, even 

30 if a plurality of wave portions are disposed so as to 
be adjacent to each other, the supporting plate can be 
maintained as a form of a single plate. Since the wave 
portions have a structure waving in the thickness di- 
rection of the filter and a plurality of wave portions 

35 having the waving structure are arranged adjacent to 
each other, fluid paths extending in the radial direc- 
tion of the filter are formed by the waving structure 
portions disposed adjacent to each other. 

For example, in a case where wave forms of two 

40 wave portions adjacent to each other shift substan- 
tially by a 1/2 pitch of one of the wave forms in a cir- 
cumferential direction of the filter, a concave portion 
of a wave form of one wave portion is positioned at a 
position corresponding to a convex portion of a wave 

45 form of the other wave portion located radially adja- 
cent, and a convex portion of a wave form of one wave 
portion is positioned at a position corresponding to a 
concave portion of a wave form of the other wave por- 
tion located radially adjacent. As viewed in the radial 

50 direction of the filter with respect to a plurality of wave 
portions, the convex portions and the concave por- 
tions are alternately positioned. As a result, the con- 
vex portions and the concave portions adjacent to 
each other can form a pipe-like fluid path. Since this 

55 pipe-like fluid path extends in the radial direction of 
the filter, only by forming a plurality of wave portions 
by pressing, a plurality of fluid paths extending radi- 
ally in the radial direction of the filter can be formed 
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efficiently. 

Further, in a case where wave forms of two wave 
portions adjacent to each other shift by 1/3 or 1/4 
pitch of one of the wave forms in a circumferential di- 
rection of the filter, the fluid paths are formed in a con- 
dition where concave portions and convex portions of 
the respective wave forms of the plurality of wave por- 
tions are offset from each other in the circumferential 
direction of the filter. In such a structure, the plurality 
of fluid paths extending radially in the radial direction 
of the filter are formed as fluid paths being complicat- 
edly bent or being complicatedly communicated with 
each other, and an excellent fluid mixing effect can be 
expected. 

Since the fluid paths as described above are 
formed by providing convexes and concaves to an an- 
nular raw material plate by pressing, an obstruction 
against the flow in the radial direction of the filter is 
caused only by the portions having the thickness of 
the plate. Therefore, a large obstruction such as that 
due to wires in the conventional structure does not 
occur, and the pressure loss of the fluid flow in the ra- 
dial direction can be suppressed small. 

Further, the convex portions of the plurality of 
wave portions disposed adjacent to each other are ar- 
ranged in a pattern of a staggered form. The convex 
portions arranged in such a staggered form can indi- 
cate an extremely high resistance against a pressure 
applied to upper and lower surfaces of the supporting 
plate. Therefore, the supporting plate for a filter ac- 
cording to the present invention can have an extreme- 
ly high pressure resistance. 

Furthermore, the fluid paths radially extending, 
which are formed a described above, are communi- 
cated with each other, and the fluid can freely flow be- 
tween adjacent fluid paths. As a result, naturally an 
extremely excellent static mixer effect can be ob- 
tained, and a uniformly mixed fluid flows in the radial 
direction of the filter and it is gathered. 

By applying such a supporting plate for a filter ac- 
cording to the present invention as a retainer provided 
inside of a filter element or a filter media supporting 
and retainer material, a filter having an excellent poly- 
mer mixing effect and indicating a low pressure loss 
and a high pressure resistance can be realized. 

Further, a more high-performance filter can be 
obtained by combining such a supporting plate ac- 
cording to the present invention with the aforemen- 
tioned specified structure of hab ring. 

Furthermore, in a type of supporting plate for a fil- 
ter wherein a plurality of riser piece portions are dis- 
posed in radial and circumferential directions of a 
base plate portion, each of the plurality of riser piece 
portions extend in a radial direction of the base plate 
portion and rise from upper and lower surfaces of the 
base plate portion in a direction perpendicular to the 
base plate portion by being twisted substantially at an 
angle of 90 degrees relative to the base plate portion, 



the riser piece portions indicate substantially the 
same function as that of the wave portions of the 
above-described supporting plate. Therefore, also in 
this type of supporting plate, a filter having an excel- 

5 lent fluid mixing effect and indicating a low pressure 
loss against a radial flow and a high pressure resis- 
tance against a pressure applied from upper and low- 
er sides can be realized. A supporting plate may have 
a portion substantially free of undulations disposed 

?o radially between two successive concentric wave 
portions, or circumferentially between circumferen- 
tially adjacent wave portions. 

Further objects, features, and advantages of the 
present invention will be understood from the detailed 

15 description of the preferred embodiments of the pres- 
ent invention with reference to the appropriate fig- 
ures. 

Some preferred exemplary embodiments of the 
invention will now be described with reference to the 
20 appropriate figures, which are given by way of exam- 
ple only, and are not intended to limit the present in- 
vention. 

FIG. 1 is a partial perspective view of a filter using 
a hub ring according to an embodiment of the 
25 present invention. 

FIG. 2 is an elevational view of the hub ring shown 
in FIG. 1. 

FIG. 3 is an enlarged, partial perspective view of 
the filter shown in FIG. 1. 

30 FIG. 4 is a plan view of an annular supporting 

member of the hub ring shown in FIG. 1 . 
FIG. 5 is an enlarged, partial perspective view of 
the supporting member shown in FIG. 4. 
FIG. 6 is a plan view of the supporting member 

35 shown in FIG. 4, showing a state during process- 

ing. 

FIG. 7 is a partial perspective view of a hab ring 
according to another embodiment of the present 
invention. 

40 FIG. 8 is a plan view of a raw material showing a 

method for processing a supporting member dif- 
ferent from the method shown in FIG. 6. 
FIG. 9 is a plan view of a supporting member in 
which an annular plate portion is positioned at the 

45 inner circumference side of a supporting portion 

arrangement. 

FIG. 10 is a partial, vertical sectional view of a fil- 
ter apparatus using a supporting plate for a filter 
according to an embodiment of the present inven- 

50 tion. 

FIG. 11 is a partial plan view of a supporting plate 
according to the present invention, showing an 
example of a pattern of wave portions. 
FIG. 12 is a partial perspective view of the wave 

55 portions. 

FIG. 1 3 is a partial plan view of a supporting plate 
according to the present invention, showing an- 
other example of a pattern of wave portions. 
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FIG. 14 is a partial plan view of a supporting plate 
according to the present invention, showing a fur- 
ther example of a pattern of wave portions. 
FIG. 1 5 is a partial plan view of a supporting plate 
according to the present invention, showing a still 5 
further example of a pattern of wave portions. 
FIG. 16 is a partial perspective view of a support- 
ing plate wherein portions which are not formed 
as wave forms remain between wave portions. 
FIG. 1 7 is a partial, vertical sectional view of a f il- 10 
ter element using a supporting plate according to 
the present invention as a filter media supporting 
and retainer material. 

FIG. 1 8 is a partial perspective view of a filter ele- 
ment combining supporting plate and hub ring ac- 15 
cording to the present invention. 
FIG. 19 is a partial plan view of integrally formed 
supporting plate and hub ring according to the 
present invention. 

FIG. 20 is a partial plan view of an annular plate 20 
for manufacturing a supporting plate for a filter 
according to another embodiment of the present 
invention. 

FIG. 21 is a partial perspective view of a support- 
ing plate for a filter manufactured from the mem- 25 
ber shown in FIG. 20. 

FIG. 22 is a partial perspective view of a conven- 
tional filter. 

Firstly, preferred embodiments of hub rings for a 
filter according to the present invention will be ex- 30 
plained with reference to the drawings. 

FIGS. 1 to 5 show a hub ring for a filter according 
to an embodiment of the present invention. In FIGS. 
1 to 3, label 1 shows the whole of a leaf disc-type filter, 
and the figures show a hub ring 2 and the vicinity. Fil- 35 
ter 1 comprises a retainer 3 disposed in the central 
portion in the thickness direction, perforated plates 4 
disposed on both surfaces of retainer 3, filter media 
5 disposed outside of both perforated plates 4 and 
hub ring 2 disposed on the inner circumference of fil- 40 
ter 1 . In a case where a predetermined number of fil- 
ters 1 are stacked, in order to define a predetermined 
gap (polymer path) between respective filters 1. in 
this embodiment, spacers 6 each having a predeter- 
mined thickness and constructed as a ring member 45 
are disposed between respective hub rings 2. As 
shown by arrows, a molten polymer 7 to be filtered 
passes through perforated plates 4 and retainer 3 af- 
ter filtered by filter media 5, and after passes through 
hub ring 2, it is gathered into a supporting pole 8 dis- so 
posed at the central position of stacked filters 1. The 
gathered polymer is sent to a next process. In this em- 
bodiment although spacer 6 is made as a member 
separate from hub ring 2, it may be formed integrally 
with hub ring 2. Further, the structure of the hab ring 55 
according to the present invention can be applied to 
a structure wherein a hub ring is disposed on the out- 
er circumference of a filter. 



Hub ring 2 comprises a pair of keep plates 9a and 
9b disposed spacedly from each other and in parallel 
to each other each of which is formed as an annular 
plate, and an annular supporting member 10 dis- 
posed between the pair of keep plates 9a and 9b. In 
supporting member 10. also as shown in FIGS. 4 and 
5. a plurality of supporting portions 10a are disposed 
spacedly from each other in a circumferential direc- 
tion of hub ring 2. each of the plurality of supporting 
portions 10a extends between the pair of keep plates 
9a and 9b in a direction substantially perpendicular to 
the pair of keep plates 9a and 9b and extends in a ra- 
dial direction of the hub ring 2. The plurality of sup- 
porting portions 10a are connected to an annular 
plate portion 1 0b at a position of radially outer side of 
the hub ring 2. 

The above-described plurality of supporting por- 
tions 10a can be formed, for example, by the following 
method. 

As shown in FIG. 6, a plurality of slits ^extend- 
ing in a radial dir-ection are defined at a predeter- 
mined pitch on the inner circumferential portion of an 
annular plate 11 having a predetermined thickness 
and prepared as a raw material plate, and portions 1 3 
positioned between respective slits 12 are twisted at 
an angle of 90 degrees in the same direction by using 
an appropriate jig (not shown). At that time, an annu- 
lar portion 14 in which slits are not defined are posi- 
tioned just at a central portion of the portion 13 twist- 
ed at an angle of 90 degrees. By this, the respective 
portions 1 3 twisted at an angle of 90 degrees are ad- 
justed at a same level relative to the annular portion 
14. These portions 13 twisted at an angle of 90 de- 
grees form the above-described plurality of support- 
ing portions 10a and the annular portion 14 in which 
slits are not defined forms the above-described annu- 
lar plate portion 10b. 

Such a processing can be easily performed, for 
example, by constituting the annular plate 11 pre- 
pared as a raw material plate from a stainless steel 
having a thickness of about 1 mm. In- a stainless 
steel, generally a work hardening can be expected, 
and therefore, a great stiffness against bending and 
buckling caused by a compressed load can be provid- 
ed to the supporting portions 10a formed by being 
twisted at an angle of 90 degrees. In particular, if the 
member is constructed from a cold-rolled stainless 
steel such as "CSPH" material, a great work harden- 
ing can be expected and an extremely great stiffness 
can be provided. In such a stainless steel, even if the 
thickness of the plate is about 0.6 mm, a strength suf- 
ficiently resistant against a fastening force in the case 
of stacked filters or a compressed load due to a poly- 
mer pressure, that is. a high strength causing no de- 
formation when applied with such a load can be pro- 
vided. Further, in a case where a high-strength mate- 
rial such as "CSPH" material is used, it is possible that 
an appropriate width is provided to the slit itself (that 
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is, a stripe portion having an appropriate width is cut 
away from the material), the pitch of arrangement of 
the portions between the slits is enlarged and the 
pitch of respective supporting portions formed by be- 
ing twisted at an angle of 90 degrees is enlarged. In 5 
the case of a high-strength material, even if the pitch 
of arrangement of supporting portions is relatively 
large, a sufficiently great pressure resistance can be 
provided. 

In the above-described hub ring for a filter, the 10 
molten polymer 7 is filtered by filter media 5, flows 
into hub ring 2 through the portion of retainer 3, and 
is gathered in supporting pole 8 through a polymer 
path 15 formed between a pair of keep plates 9a and 
9b. Firstly, when the portion arranged with supporting 15 
portions 10a is viewed in the portion between keep 
plates 9a and 9b, the spaces other than supporting 
portions 10a in this portion are all formed as the poly- 
mer path 15. Therefore, an extremely great opening 
ratio can be obtained as compared with the conven- 20 
tional structure with small holes. This opening ratio is 
determined from the thickness and pitch of support- 
ing portions 10a and the diameter at a position of ra- 
dially inner edge of the arrangement of the supporting 
portions 10a. Although hub ring 2 must be designed 25 
so as to have a sufficient strength against deforma- 
tion in consideration of a compression load applied to 
keep plates 9a and 9b, that is, a fastening load applied 
to the hub ring 2 in a case where a plurality of filters 
1 are stacked, in the present invention, while a suffi- 30 
ciently high strength against deformation even 
against a total fastening load higher than 10 tons can 
be provided, an opening ratio greater than 40%, pre- 
ferably greater than 45%, can be easily provided. 

For example, in the supporting member 1 0 shown 35 
in FIG. 4, because the thickness of supporting portion 
1 0a is 1 mm and the pitch of the arrangement of the 
supporting portions 10a is 2.5 mm, a great opening 
ratio of about 71 % can be realized. If the pitch of sup- 
porting portions 10a is maintained as it is and the 40 
thickness of supporting portion 10a is changed to 0.6 
mm, an extremely great opening ratio of about 83% 
can be realized. 

In the portion where annular plate portion 10b is 
positioned, although the annular plate portion 10b 45 
blocks a part of polymer path 15 as shown in FIG. 2. 
because a plate merely extending annulariy is only in- 
terposed in the polymer path 15, it does not cause a 
great resistance against the polymer flow, and even 
in this portion, a great opening ratio can be easily en- so 
sured. 

For example, when the gap between a pair of 
keep plates 9a and 9b is 2.5 mm and the thickness of 
annular plate portion 1 0b is 1 mm, a great opening ra- 
tio of 60% can be realized. When the thickness of an- 55 
nuiar plate portion 10b is 0.6 mm, an extremely great 
opening ratio of 76% can be realized. 

The pressure loss when the polymer passes can 



be greatly reduced by such a great opening ratio. 
Usually, in a fitter apparatus, the life of a filter is de- 
termined by a rise of a filtration pressure (pressure at 
entrance of filter media) due to clogging of filter me- 
dia, and when the filtration pressure reaches a pre- 
determined upper limit, the filter is exchanged. As de- 
scribed above, if the opening ratio is increased and 
the pressure loss at a position of the hub ring is great- 
ly reduced, an initial filtration pressure is extremely 
reduced, the time available for use of the filter until 
reaching the above-described upper limit is increased 
(that is, the cumulative total amount of the passing 
polymer is increased) and the life of the filter can be 
greatly extended. 

Further, since supporting portions 10a extend 
perpendicularly to keep plates 9a and 9b and they re- 
ceive a load applied between the keep plates 9a and 
9b most efficiently, they indicate a great pressure re- 
sistance. Therefore, it becomes structurally possible 
to design them so that they can easily indicate a great 
pressure resistance against a fastening force greater 
than 10 tons. Further, if supporting member 10 is con- 
structed from a stainless steel as in this embodiment, 
when supporting portions 10a are formed in the sup- 
porting member 10 as aforementioned, a particular 
work hardening of the stainless steel occurs and the 
pressure resistance can be further increased. 

Moreover, since the opening ratio can be de- 
signed great as aforementioned, there generated no 
portion causing a polymer residence over the entire 
area of the polymer path 15 of the hub ring 2. Namely, 
the whole amount of polymer can be smoothly passed 
through the polymer path 15 of the hub ring 2. Be- 
cause there occurs no polymer residence, degraded 
polymer is not generated, a defect in a product such 
as a fish eye caused by flowing-out of the degraded 
polymer can be prevented as well as troubles in man- 
ufacture of the product due to flowing-out of the de- 
graded polymer can be prevented. 

Furthermore, in the hab ring 2 according to the 
present invention, the method for manufacturing-it 
can also be greatly simplified and facilitated as com- 
pared with that in the conventional hab ring. Namely, 
in the hub ring 2 according to the present invention, 
keep plates 9a and 9b and supporting member 10 can 
be processed separately, the keep plates 9a and 9b, 
of course, can be easily manufactured at a large scale 
as well as, even in supporting member 10, as shown 
in FIG. 6, because merely the processing for defining 
slits 12 on the annular plate and the processing for 
twisting the portions 1 3 between the slits 1 2 at an an- 
gle of 90 degrees may be performed, it can be easily 
processed as compared with the conventional struc- 
ture having small holes. By combining these mem- 
bers, a desired hub ring 2 can be easily completed. 
Therefore, the hub ring 2 can be manufactured easily, 
in a short period of time and inexpensively in a simple 
process. 
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When the pair of keep plates 9a and 9b and the 
supporting member 10 are assembled, for example, 
as shown in FIG. 7, these members may be fixed to 
each other at a predetermined positional relationship 
by welding such as spot welding (welded portion 16). 5 
Thus, the hub ring 2 can be formed as an integrally 
formed part, and the handling thereof can be greatly 
improved. 

Further, although a method for manufacturing a 
supporting member 10 using an annular plate as a to 
raw material plate has been explained in the above- 
described embodiment, other methods may be em- 
ployed. For example, as shown in FIG. 8. a plurality 
of slits 21 are defined on a straight plate 20 formed 
in a stripe-like shape, the portions positioned be- 15 
tween the slits 21 and the end portions positioned 
outside of both end slits 21 are twisted at an angle of 
90 degrees to form supporting portions, and there- 
after, as shown by arrows, the plate member is round- 
ed to form a annular plate by bending in order to man- 20 
ufacture a supporting member substantially the sup- 
porting member as that shown in FIG. 4. 

Furthermore, although the annular plate portion 
10b is disposed on the outer circumferential side of 
the arrangement of supporting portions 10a in the 25 
above-described embodiment this annular plate por- 
tion 1 0b may be disposed on the inner circumferential 
side of the arrangement of the supporting portions 
10a. For example, in a supporting member 17 shown 
in FIG. 9, an annular plate portion 17b is disposed on 30 
the inner circumferential side of the arrangement of 
supporting portions 17a formed by twisting at an an- 
gle of 90 degrees. 

Next, a supporting plate for a filter according to 
the present invention will be explained with reference 35 
to the drawings together with a method for manufac- 
turing the same. 

FIGS. 10 to 12 illustrate a supporting plate for a 
filter according to an embodiment of the present in- 
vention and a filter element using the supporting 40 
plate. In FIG. 1 0, label 1 0 indicates the whole of a leaf 
disc-type filter element. Filter element 31 comprises 
a retainer 32 disposed at a central position in the 
thickness direction of the filter element, perforated 
plates 33 disposed on both surfaces of the retainer 32 45 
as filter media supporting material, filter media 34 dis- 
posed outside of the respective perforated plates 33 
and a hub ring 35 disposed on the inner circumfer- 
ence of the filter element 31. In a case where a plur- 
ality of filter elements 31 are stacked by a predeter- 50 
mined number, in this embodiment, spacers 36 hav- 
ing a predetermined thickness and formed as a mem- 
ber radially extending are disposed between respec- 
tive adjacent filter elements 31 in order to ensure 
polymer paths between the respective adjacent filter 55 
elements 31 . The molten polymer 37 to be filtered, as 
shown by arrows, are filtered by filter media 34, it then 
passes through perforated plates 33 and the portion 



of retainer 32. and it is gathered in a central support- 
ing pole 38 after passing hub ring 35, and thereafter, 
it is sent to a next process. Although the spacers 36 
are provided as separate members in this embodi- 
ment, hub ring 35 may be constituted as a member 
having the spacer function. 

In this embodiment, the retainer 32 is construct- 
ed as a supporting plate for a filter according to the 
present invention. FIG. 11 shows a pattern of press- 
ing for the retainer 32 (supporting plate for a filter) and 
FIG. 12 shows an enlarged part of the supporting 
plate 32 pressed to a structure having wave forms, re- 
spectively. 

In FIG. 11. black portions indicate portions each 
protruded and curved as a convex portion as viewed 
from one surface side of the supporting plate 32. 
FIGS. 13 to 15 described later are illustrated in the 
same manner. 

A plurality of wave portions 39 are formed by 
pressing as follows. Namely, as shown in FIG. 12. a 
plurality of wave portions 39 each extending substan- 
tially in a circumferential direction X-X of the filter and 
waving in a thickness direction of the filter are formed 
by pressing so as to be arranged substantially adja- 
cent to each other in a radial direction Y-Y of the filter. 
In this embodiment, the respective adjacent wave 
portions 39 are substantially connected to each other. 
Further, the wave forms of the respective adjacent 
wave portions 39 shift in the circumferential direction 
X-X of the filter by substantially 1 12 pitch of one of the 
wave forms. This shifting of pitch is not particularly 
restricted, and a shift amount of, for example, 1/3 
pitch or 1/4 pitch may be set. In FIG. 12, " P" indicates 
one pitch of the wave form. 

As shown in FIG. 11, a first group of wave por- 
tions 39 among the plurality of wave portions straight- 
ly are formed by pressing and they extend substan- 
tially in the circumferential direction of the filter at a 
constant angle relative to a radial direction of the filter 
passing through a center O (it is also a center of sup- 
porting plate 32) within a first region Al of the support- 
ing plate 32 circumferentially divided at a predeter- 
mined circumferential angle. A second group of wave 
portions having the same pattern as that in the first 
region Al are formed by pressing within a second re- 
gion of the supporting plate 32 circumferentially div- 
ided at a predetermined circumferential angle which 
is adjacent to the first region in the circumferential di- 
rection of the filter. This pressing is repeated in the cir- 
cumferential direction of the filter and the wave por- 
tions 39 are formed over the entire circumference of 
the supporting plate 32. 

Although the circumferential angle of each region 
around center O can be freely set within the range of 
about 10 to 90 degrees, a circumferential angle in the 
range of 20 to 60 degrees is preferred from the view- 
points of easiness of repeated pressing and easiness 
of manufacture of a die for pressing. In FIG. 11, the 
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angle is set at about 30 degrees. 

In the pattern of the wave portions shown in FIG. 
11, the pitch of the wave forms of the wave portions 
39 is substantially constant over the entire wave por- 
tion forming area. 5 

Further, in the pattern of the wave portions 
shown in FIG. 11, because the wave portions 39 are 
press-formed even on the boundary between the re- 
spective adjacent circumferential regions, a convex 
portion or a concave portion contacting the boundary to 
line is formed as a halfway style. Although such a 
state is allowed and a wave portion reaching the 
boundary line or a wave portion formed near the 
boundary line can be connected to a wave portion 
formed the next adjacent circumferential region, there 15 
are the following methods in order to prevent the re- 
spective wave portions formed on the boundary line 
or the vicinity thereof of adjacent circumferential re- 
gions from interference. 

Firstly, there is a method for providing a non- 20 
pressing band region having an appropriately small 
width along the boundary line. As another method, in 
a case where there occur convex or concave portions 
of wave forms over the boundary in a circumferential 
region, the convex or concave portions of wave forms 25 
are allowed to extend into the next adjacent circum- 
ferential region until the convex or concave portions 
are completed, and instead of this allowance, in the 
next adjacent circumferential region, the forming of 
convex or concave portions to be pressed in the area 30 
of the above extended convex or concave portions is 
stopped, that is, in the next adjacent circumferential 
region, the forming of the wave portions are started 
from a position retreated from the boundary line by 
the amount of the above extension of the wave forms. 35 

Another forming pattern is shown in FIG. 13. In 
this forming, in a single circumferential region A1 in 
which wave portions are formed by one pressing us- 
ing a die, the region A1 is further divided into two re- 
gions B1 and B2, and in the divided regions B1 and 40 
B2, wave portions 40a and 40b may be formed by 
pressing which are extended straightly substantially 
in the circumferential direction of the filter at different 
angles to each other relative to the center 0. In the 
embodiment shown in FIG. 13, although the respec- 45 
tive wave portions 40a and 40b are formed so as to 

form M /\ " pattern relative to center O, it may be 
formed as a reversed »,x « pattern. By repeating 
the pressing using such a pressing die. wave portions 
are formed on the successive region A2, in order. 50 

In such a pattern, the polymer flow passing 
through the region B1 and the polymer flow passing 
through the region B2 in a single circumferential re- 
gion A1 are naturally controlled in a symmetric and 
equivalent condition. 55 

FIG. 14 shows a further forming pattern of wave 
portions. 



In this embodiment with respect to the pitch of 
the wave forms of the wave portions of a supporting 
plate 32, the pitch of the wave portions 41a formed in 
the radially outer portion of the filter and the pitch of 
the wave portions 41b formed in the radially inner por- 
tion are different from each other. Although the pitch 
of the wave portions 41b formed in the radially inner 
portion is greater than the pitch of the wave portions 
41a formed in the radially outer portion in this embodi- 
ment, it is possible to reverse the relationship of the 
sizes of the pitches. Further, although the pitch 
change is performed at two steps in this embodiment, 
it is possible to set three or more steps. 

In the portion of supporting plate 32 (the portion 
of retainer 32), because the polymer having passed 
through filter media 34 is gathered from the radially 
outer side to the radially inner side as shown in FIG. 
10, the amount of the polymer becomes greater as the 
polymer flow approaches the innermost side. Accord- 
ingly, by setting the pitch of the wave forms of the ra- 
dially inner wave portions 41b greater, the width of 
each path formed by the wave forms of the wave por- 
tions 41 b can be set great in the radially inner portion, 
and thereby suppressing the resistance against the 
polymer flow even if the amount of the polymer flow 
increases in the radially inner portion. 

FIG. 15 shows a further forming pattern of wave 
portions. 

In this embodiment, a plurality of wave portions 
42 concentrically extend in circumferential direction 
of the filter. In order to direct the polymer paths 
formed-by the convex portions and the concave por- 
tions of the respective adjacent wave portions 42 to 
directions toward the center O, the pitches of the 
wave forms of the wave portions 42 become gradually 
small as approached to the center. 

In such a forming pattern, the polymer flow can 
be directed precisely to the direction toward the cen- 
ter O. 

Further, the pattern can be formed by pressing 
using a plurality of annular dies having diameters dif- 
ferent from each other and forming the wave portions 
in order in the radial direction other than the afore- 
mentioned method wherein the respective circumfer- 
ential regions are pressed in order in the circumferen- 
tial direction. In this method, the wave portions may 
be formed one row by one row using the respective 
dies, or the wave portions may be formed by several 
sets of rows. 

Further, as shown in FIG. 16, a portion 44 present 
between two wave portions 43, 43 substantially ad- 
jacent to each other in the radial direction Y-Y of the 
filter remains as a portion which does not wave. This 
portion 44 which does not wave extends circumferen- 
tially as a band having a small width. The width of the 
portion 44 is preferably in the range of 1 to 3 mm. 

The press-forming of the wave portions 43 to pre- 
determined forms can be further facilitated by provid- 
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ing such portions 44. 

Furthermore, when the wave portions are press- 
formed in the above respective embodiments, al- 
though they may be formed only by pressing, it is pre- 
ferred that a plurality of slits are defined intermittently s 
in the circumferential and radial directions of the an- 
nular plate for formation of a supporting plate by, for 
example, etching, and portions between respective 
pairs of slits are formed as the wave portions by 
pressing. Namely, preferably a pressing die functions to 
only for providing wave forms. The wave portions can 
be formed at a higher accuracy by such a forming 
method. 

Although various press-forming patterns for the 
wave portions can be employed as described herei- is 
nabove. the operation and advantages with respect to 
the embodiment shown in FIGS. 10 to 12 will be ex- 
plained. 

As shown in FIG. 12. polymer paths extending in 
the radial direction Y-Y are formed by the adjacent 20 
convex portions and concave portions of the wave 
portions 39 radially adjacent to each other at 1/2 pitch 
shifting. The polymer filtered by filter media 34 and 
having passed through filter media supporting mate- 
rial 33 easily flows into the supporting plate 32 from 25 
upper and lower sides as shown by arrows. There- 
after, the polymer flows easily and smoothly along the 
polymer paths extending in the radial direction formed 
as described above. Since a resistance against this 
polymer flow in the radial direction is only the portion 30 
corresponding to the thickness of the supporting plate 
32, a good directivity can be provided in the above di- 
rection along the polymer paths as well as the pres- 
sure loss can be suppressed extremely small as com- 
pared with that in the structure shown in FIG. 22. For 35 
example, in a case where the thickness of a support- 
ing plate is designed to be 2.5 mm, in the present in- 
vention, it is sufficient to use a raw material plate hav- 
ing a thickness of 0.5 to 0.7 mm, but in the conven- 
tional structure employing a wire mesh, it is neces- 40 
sary to use a wire having a diameter of 1 .3 to 1 .5 mm. 
Therefore, in the present invention, the ratio of the 
dead volume to the total thickness can be suppressed 
extremely small. 

Further, as shown by arrows in FIG. 12. the poly- 45 
mer flows along the polymer paths in the radial direc- 
tion are divided and can freely flow into and out be- 
tween adjacent polymer paths. These polymer flows 
freely flown into and out between adjacent polymer 
paths can provide an excellent static mixer effect, and 50 
the polymer can be naturally and uniformly mixed dur- 
ing gathered toward the supporting pole 38 through 
the supporting plate 32. Further, if the pitch for shift- 
ing adjacent wave portions is set to 1/3 pitch or 1/4 
pitch, a further excellent static mixer effect can be ob- 55 
tained. 

Furthermore, the convex portions and concave 
portions of the wave forms of a plurality of wave por- 



tions 39 are arranged in a staggered form as shown 
in FIG. 1 1 , and a portion constituting a convex portion 
as viewed from one surface stde forms a concave 
portion as viewed from the other surface side. Name- 
ly, the convex portions are arranged in a staggered 
form on both surface sides. These convex portions 
protruded from both surfaces can provide a required 
thickness to the supporting plate 32 as well as can 
form surfaces for supporting filter media supporting 
materials 33 disposed on both surface sides of the 
supporting plate. 

In the wire mesh type retainer 102 shown in FIG. 
22. because each waving wire comes into contact 
with each filter media supporting material 103 sub- 
stantially at a point contact, the local stress generated 
in the contact point is high. On the contrary, in the 
present invention, because each wave portion waves 
and has a width, the contact state with each filter me- 
dia supporting material 33 is nearly line contact. 
Therefore, the local stress can be greatly reduced as 
compared with the structure shown in FIG. 22, the 
wave portions can be hardly deformed by a pressure 
loaded from upper and lower sides and can exhibit an 
extremely high pressure resistance. 

The convex portions of each wave portion 39 can 
exhibit a high pressure resistance and the convex 
portions are arranged in a staggered form as shown 
in FIG. 11. Therefore, an extremely high pressure re- 
sistance can be exhibited also by the whole of the 
supporting plate 32. 

Further, since a plurality of wave portions 39 are 
formed by pressing and adjacent wave portions 39 
are integrally connected to each other at any portion 
of the wave form, the respective wave portions 39 
supplement each other in strength, thereby indicating 
a further high pressure resistance as the whole of the 
supporting plate 32. 

In the press-forming patterns shown in FIG. 11 
and FIGS. 13 to 15. a method for forming a predeter- 
mined pattern in order on the circumferential regions 
A1 . A2, ... and forming the supporting plate 32 as a in- 
tegrally formed member provided with wave portions 
over the entire circumference is shown. However, be- 
cause the supporting plate 32 prepared as a retainer 
is disposed inside of the filter element 31 , it is possi- 
ble to divide it in the circumferential direction into a 
plurality of members. For example, it is possible to 
make the circumferential regions A1, A2. ... as sepa- 
rate sector members and dispose these separate sec- 
tor members to complete an annular plate form. 

Further, although the supporting plate 32 is used 
as a retainer disposed at an innermost position of the 
filter element 31 , it is possible to use it as a filter me- 
dia supporting and retainer member. For example, as 
shown in FIG. 17, it is possible that filter media 34 are 
supported directly on both surfaces of a supporting 
plate 50 prepared as a filter media supporting and re- 
tainer member, and the member has both functions 



BNSDOCID: <EP 0674931 A1J_> 



23 



EP 0 674 931 A1 



24 



as a filter media supporting member and a retainer. 
Namely, since the supporting plate for a filter accord- 
ing to the present invention has an extremely high 
pressure resistance as well as has a surface form 
wherein a number of convex portions of the wave 
forms having a relatively broad contact area are 
densely arranged, it is possible to form an apparent- 
flat surface having a good flatness as viewed as the 
whole of the supporting plate, thereby providing both 
functions of a filter media supporting member and a 
retainer to the supporting plate. 

Further, the supporting plate for a filter according 
to the present invention can be combined with the 
aforementioned specified hab ring having a low pres- 
sure-loss property or can be formed integrally with 
the hub ring. 

FIG. 18 shows a filter 60 in which the supporting 
plate 32 according to the present invention is com- 
bined with a hab ring 61 similar to that shown in FIG. 
1. In FIG. 18, hab ring 61 comprises a pair of keep 
plates 62a and 62b disposed spacedly from each 
other and each formed as an annular plate, and a sup- 
porting member 63 disposed between the pair of keep 
plates 62a and 62b and extending annularly. In the 
supporting member 63, a plurality of supporting por- 
tions 63a each extending between the pair of keep 
plates 62a and 62b and each extending in the radial 
direction of the hab ring are arranged in the circum- 
ferential direction of the hab ring at an appropriate 
pitch. The plurality of supporting portions 63a are 
connected to an annular plate portion 63b at a posi- 
tion of the outer circumferential side of the annular ar- 
rangement of the supporting portions 63a. Label 64 
indicates a spacer disposed between stacked hub 
rings. 

Such a hab ring can be manufactured in a manner 
similar to that aforementioned, and the advantages 
aforementioned can be obtained in the portion of the 
hab ring. Further, this hab ring portion can be integral- 
ly formed with a supporting plate according to the 
present invention. Namely, since a desired material is 
a stainless steel for both members, using a annular 
raw material plate composed of a stainless steel, for 
example, as shown in FIG. 1 9. the supporting plate 32 
and the supporting member 63 of the hub ring can be 
integrally formed as an integral plate 70. In FIG. 19, 
the supporting member 63 comprising supporting 
portions 63a and annular plate potion 63b is integrally 
formed at the inner circumferential portion of the sup- 
porting plate 32 having wave portions 39. The wave 
portions 39 can be formed by pressing and the sup- 
porting portions 63a can be formed by twisting at an 
angle of 90 degrees, respectively, as aforemen- 
tioned. 

By such a integral forming, the number of the 
parts for a filter element can be reduced as well as the 
handling of the filter element, the assembly of the fil- 
ter element and the stacking construction of a plural- 



ity of the filter elements can be facilitated. 

Further, also the keep plates 62a and 62b can be 
substantially integrally constituted by welding them to 
the supporting member 63, thereby further improving 

5 the properties on assembly and handling. 

FIGS. 20 and 21 show a supporting plate for a fil- 
ter according to another embodiment of the present 
invention and a method for manufacturing the same. 
In this embodiment, as shown in FIG. 20, a plur- 

w ality of slots 82 extending in a radial direction Y-Y of 
an annular plate 81 are defined on the annular plate 
81 and arranged in the circumferential direction X-X 
of the annular plate 81. The annular arrangement 
rows are disposed in plural in the radial direction Y-Y 

15 of the annular plate 81 . The portions 83 positioned be- 
tween respective adjacent slots 82 are twisted sub- 
stantially at an angle of 90 degrees relative to the up- 
per and lower surfaces of the base plate portion of the 
annular plate 81 to form riser piece portions 84 rising 

20 perpendicularly from upper and lower surfaces of the 
base plate portion of the annular plate 81 at an angle 
of 90 degrees (FIG. 21). The riser piece portions 84 
thus formed are arranged in plural in the circumferen- 
tial direction X-X and the radial direction Y-Y to form 

25 a supporting plate 85 for a filter. 

In this embodiment, each slot 82 has circular 
holes 82b at both end portions in its longitudinal di- 
rection, the circular holes 82b have a diameter greater 
than a width of a central portion 82a of the slot, and 

30 by this structure, twisting for forming the riser piece 
portions 84 can be facilitated. However, such circular 
holes 82b are not necessary, and a slot merely having 
a constant width substantially over the entire length 
may be employed. Further, instead of the slots, slits 

35 may be employed. 

Furthermore, in a case where the riser piece por- 
tions 84 are arranged concentrically on the support- 
ing plate 85. a ring portion 86 of the base plate portion 
of the supporting plate 85 positioned between radially 

40 adjacent rows of riser piece portions 84 may be 
waved in the thickness direction of the base plate por- 
tion. In this case, it is preferred that the heights of the 
riser piece portions 84 from the upper and lower sur- 
faces of the base plate portion of the supporting plate 

45 85 are substantially the same as the heights of a wave 
form of the ring portion 86 from the upper and lower 
surfaces of the base plate portion. By such a struc- 
ture, the strength of the supporting plate 85 can be 
further increased, and even when the riser piece por- 

50 tions 84 are formed by twisting, undesired deforma- 
tion of the ring portion 86 can be prevented. 

In this type of supporting plate 85. a stainless 
steel is preferred as a raw material. Further, the sup- 
porting plate 85 can be assembled with the aforemen- 

55 tioned hub ring, and further, both members can be in- 
tegrally formed. 

Using such a type of supporting plate having a 
plurality of riser piece portions, a filter having low- 

13 



BNSOOCID <EP 0674931 A1_I_> 



25 



EP 0 674 931 A1 



26 



pressure loss and high pressure resistance proper- 
ties and a high performance can be realized. 

Claims 

1. A hub ring provided on at least one of inner and 
outer circumferences of a disc-type filter charac- 
terized in that said hub ring comprises: 

(a) a pair of keep plates disposed spacedly 
from each other and in parallel to each other, 
each of said pair of keep plates being formed 
as an annular plate; and 

(b) an annular supporting member disposed 
between said pair of keep plates, said sup- 
porting member having (i) a plurality of sup- 
porting portions disposed spacedly from each 
other in a circumferential direction of said hub 
ring, each of said plurality of supporting por- 
tions extending between said pair of keep 
plates in a direction substantially perpendicu- 
lar to said pair of keep plates and extending in 
a radial direction of said hub ring and (ii) an 
annular plate portion connected to said plur- 
ality of supporting portions. 

2. The hub ring according to claim 1, wherein said 
annular plate portion is connected to one of the 
inner and outer sides of said plurality of support- 
ing portions in a radial direction of said hub ring. 

3. The hub ring according to claim 1 or 2. wherein 
said supporting member is constructed from a 
stainless steel. 

4. A method for manufacturing a hub ring provided 
on at least one of inner and outer circumferences 
of a disc-type filter characterized in that said 
method comprises the steps of: 

(a) defining a plurality of slits on an annular 
plate at a position of one of inner and outer cir- 
cumferential sides of said annular plate, said 
plurality of slits being arranged over the entire 
length of one of inner and outer circumferen- 
tial sides of said annular plate, each of said 
plurality of slits extending in a radial direction 
of said annular plate; 

(b) twisting portions positioned between re- 
spective adjacent slits substantially at an an- 
gle of 90 degrees relative to said annular plate 
for making an annular supporting member; 
and 

(c) disposing a pair of keep plates on and un- 
der said twisted portions of said annular sup- 
porting member, each of said pair of keep 
plates being formed as an annular plate. 

5. A method for manufacturing a hub ring provided 



on at least one of inner and outer circumferences 
of a disc-type filter characterized in that said 
method comprises the steps of: 

(a) defining a plurality of slits on a plate ex- 
5 tending straightly at a position of one side of 

said plate, said plurality of slits being ar- 
ranged substantially over the entire length of 
said plate, each of said plurality of slits ex- 
tending in a width direction of said plate; 
'0 (b) twisting portions positioned between re- 

spective adjacent slits and end portions posi- 
tioned outside of both end slits substantially 
at an angle of 90 degrees relative to said 
plate; 

*5 (c) forming an annular supporting member by 

rounding said plate so as to arrange said 
twisted portions along one of inner and outer 
circumferences of said annular supporting 
member; and 

20 (d) disposing a pair of keep plates on and un- 

der said twisted portions of said annular sup- 
porting member, each of said pair of keep 
plates being formed as an annular plate. 

25 6. A supporting plate provided inside of a disc-type 
filter having filter media at surface portions 
thereof characterized in that said supporting 
plate comprises: 

a plurality of wave portions each extend- 

30 ing substantially in a circumferential direction of 

said filter and waving in a thickness direction of 
said filter, said plurality of wave portions being 
formed by pressing so as to be arranged substan- 
tially adjacent to each other in a radial direction 

35 of said filter. 

7. The supporting plate according to claim 6, where- 
in a portion present between two wave portions 
adjacent to each other in the radial direction of 

40 said filter remains as a portion which does not 

wave. 

8. The supporting plate according to claim 6 or 7, 
wherein wave forms of two wave portions adja- 

45 cent to each other among said plurality of wave 

portions shift substantially by a 1/2 pitch of one 
of said wave forms in a circumferential direction 
of said filter. 

so 9. The supporting plate according to any of claims 
6 to 8, wherein wave forms of said plurality of 
wave portions have substantially a constant pitch 
overthe entire area in which said plurality of wave 
portions are formed. 

55 

10. The supporting plate according to any of claims 
6 to 8, wherein a pitch of a wave portion formed 
at a radially outer position and a pitch of a wave 

14 
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portion formed at a radially inner position are dif- 
ferent from each other. 

11. The supporting plate according to any of claims 

6 to 10, wherein a first group of wave portions 5 
straightly extend substantially in the circumferen- 
tial direction of said filter at a constant angle rel- 
ative to a radial direction of said filter within a first 
region of said supporting plate circumferentially 
divided at a predetermined circumferential angle, 10 
and a second group of wave portions straightly 
extend substantially m the circumferential direc- 
tion of said filter at the same angle as said con- 
stant angle relative to a radial direction of said fil- 
ter within a second region of said supporting plate ts 
circumferentially divided at a predetermined cir- 
cumferential angle which is adjacent to said first 
region in the circumferential direction of said fil- 
ter. 

20 

12. The supporting plate according to any of claims 
6 to 10, wherein a first group of wave portions 
straightly extend substantially in the circumferen- 
tial direction of said filter at a constant angle rel- 
ative to a radial direction of said filter within a first 25 
region of said supporting plate circumferentially 
divided at a predetermined circumferential angle, 

and a second group of wave portions straightly 
extend substantially in the circumferential direc- 
tion of said filter at an angle different from said 30 
constant angle relative to a radial direction of said 
filter within a second region of said supporting 
plate circumferentially divided at a predetermined 
circumferential angle which is adjacent to said 
first region in the circumferential direction of said 35 
filter. 

13. The supporting plate according to any of claims 
6 to 10, wherein said plurality of wave portions 
extend concentrically in the circumferential direc- 40 
tion of said filter. 

14. The supporting plate according to any of claims 
6 to 13, wherein said supporting plate is con- 
structed as an integrally formed single annular 45 
member. 

15. The supporting plate according to any of claims 
6 to 13, wherein said supporting plate is con- 
structed from a plurality of members divided in so 
the circumferential direction of said filter. 

16. The supporting plate according to any of claims 
6 to 15, wherein said supporting plate is con- 
structed from a stainless steel. 55 

17. A supporting plate provided inside of a disc-type 
filter having filter media at surface portions 



thereof characterized in that said supporting 
plate comprises: 

a base plate portion formed as an annular 
plate: and 

a plurality of riser piece portions disposed 
in radial and circumferential directions of said 
base plate portion, each of said plurality of riser 
piece portions extending in a radial direction of 
said base plate portion and rising from upper and 
lower surfaces of said base plate portion in a di- 
rection perpendicular to said base plate portion 
by being twisted substantially at an angle of 90 
degrees relative to said base plate portion. 

18. The supporting plate according to claim 17, 
wherein said plurality of riser piece portions are 
disposed concentrically on said base plate por- 
tion, and a ring portion of said base plate portion 
positioned between radially adjacent rows of riser 
piece portions is waved in a thickness direction of 
said base plate portion. 

19. The supporting plate according to claim 18, 
wherein the heights of said riser piece portions 
from the upper and lower surfaces of said base 
plate portion are substantially the same as the 
heights of a wave form of said ring portion from 
the upper and lower surfaces of said base plate 
portion. 

20. The supporting plate according to any of claims 
17 to 19, wherein said supporting plate is con- 
structed from a stainless steel. 

21. An assembly of a supporting plate provided in- 
side of a disc-type filter having filter media at sur- 
face portions thereof and a hub ring provided on 
at least one of inner and outer circumferences of 
the disc-type filter, characterized in that said sup- 
porting plate comprises a plurality of wave por- 
tions each extending substantially in a circumfer- 
ential direction of said filter and waving in a thick- 
ness direction of said filter, said plurality of wave 
portions being formed by pressing so as to be ar- 
ranged substantially adjacent to each other in a 
radial direction of said filter, and said hub ring 
comprises: 

(a) a pair of keep plates disposed spacedly 
from each other and in parallel to each other, 
each of said pair of keep plates being formed 
as an annular plate; and 

(b) an annular supporting member disposed 
between said pair of keep plates, said sup- 
porting member having (i) a plurality of sup- 
porting portions disposed spacedly from each 
other in a circumferential direction of said hub 
ring, each of said plurality of supporting por- 
tions extending between said pair of keep 
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plates in a direction substantially perpendicu- 
lar to said pair of keep plates and extending in 
a radial direction of said hub ring and (ii) an 
annular plate portion connected to said plur- 
ality of supporting portions. 5 

22. The assembly of a supporting plate and a hub ring 
according to claim 21, wherein said annular sup- 
porting member is formed integrally with said 
supporting plate. 10 

23. An assembly of a supporting plate provided in- 
side of a disc-type filter having filter media at sur- 
face portions thereof and a hub ring provided on 

at least one of inner and outer circumferences of 15 
the disc-type filter, characterized in that said sup- 
porting plate comprises: 

a base plate portion formed as an annular 
plate: and 

a plurality of riser piece portions disposed 20 
in radial and circumferential directions of said 
base plate portion, each of said plurality of riser 
piece portions extending in a radial direction of 
said base plate portion and rising from upper and 
lower surfaces of said base plate portion in a di- 25 
rection perpendicular to said base plate portion 
by being twisted substantially at an angle of 90 
degrees relative to said base plate portion, and 
said hub ring comprises: 

(a) a pair of keep plates disposed spacedly 30 
from each other and in parallel to each other, 
each of said pair of keep plates being formed 

as an annular plate; and 

(b) an annular supporting member disposed 
between said pair of keep plates, said sup- 35 
porting member having (i) a plurality of sup- 
porting portions disposed spacedly from each 
other in a circumferential direction of said hub 
ring, each of said plurality of supporting por- 
tions extending between said pair of keep 40 
plates in a direction substantially perpendicu- 
lar to said pair of keep plates and extending in 

a radial direction of said hub ring and (ii) an 
annular plate portion connected to said plur- 
ality of supporting portions. 45 

24. The assembly of a supporting plate and a hub ring 
according to daim 23, wherein said annular sup- 
porting member is formed integrally with said 
supporting plate. 50 

25. A method for manufacturing a supporting plate 
provided inside of a disc-type filter having filter 
media at surface portions thereof characterized 

in that said method. comprises the steps of: 55 
preparing an annular plate; and 
forming a plurality of wave portions on said 

annular plate by pressing, each of said plurality of 



wave portions extending substantially in a cir- 
cumferential direction of said annular plate and 
waving in a thickness direction of said annular 
plate, said plurality of wave portions being ar- 
ranged substantially adjacent to each other in a 
radial direction of said annular plate. 

26. The method for manufacturing a supporting plate 
according to claim 25, wherein a first group of 
wave portions is formed by pressing on a first re- 
gion of said annular plate circumferentially divid- 
ed at a predetermined circumferential angle, suc- 
ceedingly a second group of wave portions is 
formed by pressing on a second region of said an- 
nular plate adjacent to said first region in the 
same pattern as that in said first region, and by 
repeating these operations of pressing, a plurali- 
ty of wave portions are formed substantially over 
the entire circumference of said annular plate. 

27. The method for manufacturing a supporting plate 
according to claim 25, wherein said plurality of 
wave portions are formed by pressing, using a 
plurality of annular dies -having diameters differ- 
ent from each other. 

28. The method for manufacturing a supporting plate 
according to any of claims 25 to 27, wherein a 
plurality of slits are defined intermittently in the 
circumferential and radial directions of said annu- 
lar plate, and portions between respective pairs 
of slits are formed as said wave portions by 
pressing. 

29. A method for manufacturing a supporting plate 
provided inside of a disc-type filter having filter 
media at surface portions thereof characterized 
in that sai method comprises the steps of: 

defining a plurality of slits or slots on an 
annular plate, each of said plurality of slits or 
slots extending in a radial direction of said annu- 
lar plate, said plurality of slits or slots being dis- 
posed in the circumferential direction of said an- 
nular plate as well as disposed in the radial direc- 
tion of said annular plate in forms of a plurality of 
annular rows; and 

forming a plurality of riser piece portions 
rising from upper and lower surfaces of a base 
plate portion of said annular plate in a direction 
perpendicular to said base plate portion by twist- 
ing respective portions present between respec- 
tive pairs of said slits or slots substantially at an 
angle of 90 degrees relative to said base plate 
portion. 

30. The method for manufacturing a supporting plate 
according to claim 29, wherein each of said slots 
is formed as a slot having circular holes at both 
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end portions in its longitudinal direction, said cir- 
cular holes having a diameter greater than a 
width of a central portion of said slot. 
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